Introduction
Since 1980, the total area of arable land in southern Sweden has been decreasing, but the mean acreage of winter wheat has increased from 50 000 ha to 90 000 ha, representing more than 25% of the total winter wheat acreage in Sweden (SCB, 1983 (SCB, -2006 . 
Field trial design
The trials were randomised in a block design with four replicates. The number of treatments per trial differed during the period but each usually included about 10 treatments and an untreated control. Plot size was usually 4 x 12 m and harvested area (excluding border rows) was 2 m x 10 m, i.e. 20 m 2 per plot.
Fungicides and fungicide treatments
Different types of fungicides and fungicide combinations containing active ingredients such as benzimidazoles, aromatics, morpholines, azoles, amides, strobilurins and pyrimidines were used in the field trials. Standard products at recommended dosages were generally used, e.g. diseases including an early treatment at GS 31-40 followed by one at GS 45-61 and 4) a split treatment with an early treatment at GS 30-33 primarily against eyespot, followed by a treatment at GS 45-61with fungicides against leaf diseases. In early years, eyespot was primarily treated with benzimidazoles and LBDs with azoles, but also amides and a conazolemorpholine mixture. In later years, pyrimidines were generally used against eyespot and strobilurins, conazoles and morpholines against leaf diseases, often in different combinations.
Disease assessment
The severity of leaf diseases on the top leaves was usually assessed before treatment and 3-5 
Yield
The field trials were harvested with plot combines, mostly Hege and Sampo. Samples of 1 kg from each treatment were analysed for water content and 1000 grain weight (TGW). Yield and TGW were reported at 15% water content and grains m -2 were estimated from yield and TGW. Degree of lodging (0-100, 0=upright stand and 100=totally lodging) was graded just before harvest.
Actual yield responses due to a fungicide treatment at GS 45-61 for five disjunctive disease severities were studied at high and low yield levels (high yield level >9250 kg ha -1 and low yield level <9250 kg ha -1 based on yields for fungicide treatment at GS 45-61; and high yield level >8250 kg ha -1 and low yield level <8250 kg ha -1 based on yields in untreated plots).
Statistical methods
Pearson-correlation, ANOVA, regression and variance component were analysed using SPSS (ver. 
Yield
Yields of both untreated and fungicide-treated winter wheat increased during the period 1983-2005 from ~6000 to 12000 kg ha -1 ( Figure 1 (Tables 1 & 2) . The yield increases stratified into 250 kg ha -1 increments fell into 11 classes within years ( Table 2 ). The distribution of trials with increasing levels of yield increase due to a single treatment at GS 45-61 describes the variation in disease severity between years and also the variation between locations within this relatively limited geographical area. In nine years (eight prior to 1996) out of 23, 50% of trials had yield increases of <500 kg ha -1 . In 15 years, 50% of the trials had yield increase of <1000 kg ha -1 .
Mean annual yield increases of 1000 kg ha -1 or more occurred in eight years (1987, 1990, 1996, 1997, 1998, 1999, 2002 and 2003) and were very high in two of these (1987 and 2002) .
The TGW in untreated plots varied considerably between years ( Table 1 ). The increase in TGW due to fungicide treatment just before/during heading was very small in some years but in a few years with high disease attacks it was as large as 7-9 g. There was a good correlation increased grain numbers, but the total yield increase was mainly due to an increase in TGW.
Diseases
Eyespot was quite common in some years (Table 1) , but caused severe lodging only in exceptional cases. Septoria tritici blotch was frequent in all years, while Stagonospora nodorum blotch and tan spot occurred mainly during the early and latter part of the study period, respectively. Powdery mildew and rust were seen at low levels in many field trials, (Table 1) .
Mean fungicide efficacy for one treatment against LBDs just before/during heading was 52%, but in some years it was <40% (1983, 1986, 1989, 1991, 1996) and in others >60% (1987, 1988, 1990, 1993, 1994, 1997, 1998 
Yield and disease
In two years (1983 and 1996), average eyespot index was >35 and mean yield response to early treatment (~GS 31) with anti-eyespot fungicides was 1050 kg ha -1 whereas it was only 190 kg ha -1 in years when eyespot index was <10 (1987, 1988, 1992 and 1994) .
In regression analyses with the constant omitted and with yield increase due to fungicide treatment as dependent variable and leaf diseases as predictors, LBDs explained 74% of the yield increase (P=0.001), followed by powdery mildew (20%, P=0.021), brown rust (5%, ns) and yellow rust (1%, ns), R 2 =0.82. With the formula to predict disease (Cook et al., 1991), the mean yield loss due to LBDs was 6.6% in untreated plots in this study (range 0.8-1.7 % in years with very low attacks and 16-19% in years with severe attacks) ( Table 1) .
The yield increase due to fungicide treatments was correlated to LBD disease severity at later stages, e.g. on leaf 2 at GS 75 (Pearson correlation coefficient 0.596, P=0.003), but not at earlier stages, e.g. on leaf 3 at growth stage GS 55 (0.240 ns) ( Figure 3 ). Disease severity of >5% during GS 55 on leaf 3 (e.g. 1987, 1996, 2002 and 2003) gave a yield increase due to fungicide treatment of 1000 kg ha -1 or more. However, in other years (1990, 1997, 1998 and 1999 ) the yield increase was still >1000 kg ha -1 but the severity of attack on leaf 3 at GS 55 was rather low (Figure 3 ).
LBD severity on both leaf 3 at GS 55 and leaf 2 at GS 75 was significantly negatively correlated with yield level (Table 3 ). In contrast, powdery mildew was significantly positively correlated with yield level while brown rust showed no significant difference. Actual yield responses due to a fungicide treatment just before/during heading at five disjunctive disease severities and two yield levels based on fungicide-treated yields at GS 45-61 were greater at the higher yield level than the lower (Table 4) . In contrast, yield response was lower for the higher of two yield levels based on untreated yields (Table 5) .
Variation within and between years
Variance component analyses for different variables with year as random factor showed that total yield, yield increase, TGW, lodging and all diseases were affected by year (Table 6 ). The estimated variance of yield and TGW was larger between years than within years, whereas that of yield increase and plant diseases was smaller (Table 6 ).
Discussion
The In this study, a profitable annual average yield increase was achieved in most years, explaining why treatment just before or during heading has become routine for many farmers in southern Sweden. Fungicide treatment against other diseases such as eyespot, rusts and mildew, normally not so frequent and devastating, is less profitable or not profitable.
However, some cultivars and specific conditions may promote attacks of these diseases, and during such circumstances treatment becomes profitable.
The progression towards higher yields and the variation within and between years is evident in these results, both in yield increase due to fungicidal input and severity of the diseases, and the results show the potential and limitations of fungicides in preventing yield losses. Another example of this variation is the difference in annual average yield increase (1980) (1981) (1982) (1983) (1984) (1985) (1986) (1987) (1988) (1989) (1990) 0  1990  11  1  0  0  3  2  2  1  1  0  0  1  1991  12  0  2  2  3  3  2  0  0  0  0  0  1992  6  3  3  0  0  0  0  0  0  0  0  0  1993  3  1  1  1  0  0  0  0  0  0  0  0  1994  12  7  4  1  0  0  0  0  0  0  0  0  1995  47  13  15  10  6  1  0  2  0  0  0  0  1996  65  12  5  5  8  14  6  7  2  3  1  2  1997  63  2  3  9  12  11  8  9  5  3  1  0  1998  36  0  1  3  8  6  4  4  4  3  3  0  1999  34  1  2  7  5  2  8  3  0  3  2  1  2000  37  4  6  6  9  6  4  1  1  0  0  0  2001  93  24  14  14  15  10  5  8  3  0  0  0  2002  107  2  5  2  6  10  14  8  15  17  8  20  2003  94  0  7  16  16  21  17  9  8  0  0  0  2004  36  6  5  4  4  8  2  2  5  0  0  0  2005  31  16  7  5  1  1  1  0  0  0  0  0  All years  764  107  104  91  113  101  76  56  44  31  16  25 1) No. = Number of field trials or different varieties and nitrogen levels within a field trial, treated with a fungicide just before or during heading. 
